Selective Recovery of Heavy Rare Earth Elements

Takehiko Gotoh™, K. Kai, T. Suenaga, and S. Nakai

1-4-1 Kagamiyama, Higashi-hiroshima, Japan
Grad. School of Adv. Sci. and Eng. Hiroshima University
* email: tgoto@hiroshima-u.ac.jp

This study investigates a simple and environmentally friendly method for
separating and recovering heavy rare earth elements using polymer gels
containing anions. Heavy rare earths are crucial for manufacturing high
performance magnets used in electric vehicles and mobile devices, and the
development of sustainable recovery technologies, particularly from waste
magnets, has growing importance.
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The hydrogels used in this research were synthesized via radical
polymerization of a quaternary ammonium-containing monomer. These
hydrogels were then immersed in oxalate or carbonate ion solutions, enabling
these anions to be loaded onto protonated amino groups within the gel
network. For separation, small amounts of the anion-loaded gels were added to
mixed Dy3*/Tb3* aqueous solutions. The formation of rare-earth salts inside
the gels was evaluated by monitoring changes in ion concentration in the
surrounding solution.

When initial Dy3* and Tb3* concentrations were equal (0.1 mM each),
both ions formed salts inside the gels at similar rates. This indicates that equal
concentrations do not yield effective selective separation. To enhance selectivity,
experiments varied the initial Dy3*/Tb3* ratios (0.3:0.03 mM and vice versa).
The results showed that when one ion was initially more concentrated, its salt
precipitated more rapidly in the gel, producing a measurable difference in
separation coefficients over time. Further experiments using phosphate loaded
gels demonstrated even faster separation performance, reaching maximum
separation within 20 minutes. This finding suggest that selective Dy/Tb
separation is feasible by timing the removal of the gel when the separation
coefficients reach their maximum.



